2021, 34(1): 106-113
http://www.lykxyj.com

DOI:10.13275/j.cnki.lykxyj.2021.01.013

AR TEMERR TR ESHEE
REAFIT=E RIS

PR, BT, VPR LR,
pIEELENE E ST P

(1. ARG MO IRL 22 b AR AN 3500075 2. YRR MERAGHY LU b A 25 1) 5 7 S 28 3%
3. AR AR ERE L HEEM i =W 365000)

PNER",

B AL R 4EM 3500075

TZE: [ B ] SIS AM T BRI 394 S EE M RO L, PP IZ AR T35 0 FIAE 1 AR
[ 3% ] fEfmadt s = WA B SR IR KA A MO B 7R T X IR 3 FRALER, A B2 A2 A B BRE T i i
ARG ER R, LABAEFR R A AR LA GFIR), TEHERZ (0~10 cm) HHERBIIEPERR .+ 36
AW YRR R A S RS, ORI R LA R . [ SR ] EARN T ER MG, H R A R
MEF MR, L0 (TC). 24 (TN). MAEY ALY Rk MBC) &&EHn, EfHZE, +5 B-N-C
RILH AT (NAG) R MEBEIRRS (AP) BVEME R ETHe, B- 4TI (BG) MG I i 5 FEAIK; BG: AP I
NAG: AP BJFI{E 53514 0.006 4 F10.011 3, AT 2BREKFE, FRUHZ X+ A Y2 wRH, AP i
I NAG (76 e =, (15 BG: AP Al BG: NAG [HAEEFM AL J5 B EFEAK . TUART TR -5 C: N Ml

NS R T i

Forest Research

MBC: MBN 4351 i ¢ L e s P A S Ak 220t H AR 19 92.3% F1 4.4%,

THEFRP R, SR HEER

[&it ] EAREM AT RA BT

KEIR: 2AR; B ASEHEATE; TSR TURDHT

hE 23S :S714, S791.27 XEAREE: A
TR W R - A AL o A TR R e
2 5H0, LA YARETE R, S
T EMEY AL, FE TR . Al BRIEIR
R AR EEAEHY ., Sinsabaugh SEAF5TIA
SR, KSR T )T T AR S A 0 3R SR I 4
br, MHAE C. N FI P JEFAHIC B & 1 2 A7
TEAL AR, AT TR s P F T2 |
R BEFR N EZUKMREGN HE (BG : NAG : AP),
FROMASECF I L, BB S il L I U YIS
MR R FA RS, IF S 1IEFRAEIR . Fefk
SRR R, TR R Y e
FFE IR R FLRAL, A R R AS
B PR R o e SZ B A . K4 pHAE . F47

W H L. 2020-03-18  f&RITH ). 2020-04-13
FEWH . FEREOAITRITE (2016YFD0600304 ) ;
LFETRIIE (J1-1253)

WEAFHIT AR E ST H (2019R1002-4)

X E4S:1001-1498(2021)01-0106-08

AR . A DA BRI A R R
a1 TR b SR A W - A e T LA
FOER A EEA E

¥2 K (Cunninghamia lanceolata (Lamb.) Hook.)
R R 7 EEGE AR R, BT U, JE L
TR, BT — a2 s, iR
HERAZARN TR TSN TR . A2 )R 55 7]

AR, B REERMT, RN TR AT A
EMENE, RELGEND TR, FEEYZH

PENSS ARG T 5 1 R SR Y - 0L
AT R SENE T AN L R AR A 2
P [Hid LR TRAMT ER/0E M BT 2
A E MG LIERALPE SO TR R 2, Mt

Fa A m AR i 2 5 A

*WIER . FBOISY, Hd, AT, FENEFEMRIER S 2RSS . E-mail: jfguo@finu.edu.cn


http://dx.doi.org/10.13275/j.cnki.lykxyj.2021.01.013
http://dx.doi.org/10.13275/j.cnki.lykxyj.2021.01.013
http://www.lykxyj.com

1

INENG, 5 AT BT A X b S A 2 P S AL i L s ) 107

ST 1 B A A LA RS B D . i,
AT = WIS FCHE A AR DR P ST A2 AR R 5l
W, WTFEE MG RS S A S
FERYHEAE ,  DIRITAZ AP o ] iAo 428 e - 1
AT et - HER o R e AR

1 MRE5 7%

1.1 AREERSEWEIT

PRI XA T4 — BT RS CAE A SRR IX
(117°28'E, 26°11'N) I, X @ F Pl 2R
fig, EARAS HITARIZE, X 19~20 C, 4
JKHEEIE 1740 mm. PRAPIX PP 3434K 300~350 m,
DMRIL b £, A RER AR e B )20 .
TEEEEUAEMEEENE, 22, LIREE
B 1 m,

H 2014 4F 4 A IR, #F = BAAS [OFE B SRR 9
XN AZABRT RN A A2 ARG X, D
X MR AT . T BRAR T 245 JOIRIE I,
R PER SE A . B . B AR A —
, BI/CAS A 40 cm x 30 em x 30 cm, MATHRAT
Bl 2mx3m, HE 3FEFLH, 5RHEA
BRI (RS . I ARYIRER
B (R ZIAR) FIAZ ARGl bk (6F IR, A ik BRI
B 20 m x 20 m AUBRIERERL 5 A~ P R R RR )
FEARMMS 43900 R 51 AR/ 4 4R A, RZ R 4lipk il Ak
Wk 4 A . R R PR 5 B DA AS IR R A
KIGReE SR, SRR 3 44, |
$5 S#h AR (Liriodendron chinense (Hemsl.) Sarg.). ‘k
JIkR (Michelia macclurei Dandy) FURE S5 (Michelia
chapensis Dandy), —#&WHIH 111, FMET
MAE 8—9 HILE 1k, IKAFE 8—9 H A4 — ik
B, MENAEFEAFER L kb s, L
PRIELAR R A= U,

1.2 iKW RFE

121 X3EHBRE 2018410 A, GEMMKE
DFEHL N <S” Rk 54N, FH LA HR )2 1 1%
(0~10 cm), K¢+ 3535 58401 A Y5 IF 2B AT I
P AR RO BRSE, PR AR 2 mm Fii 2 A A 3
2. — AR 4°C kAR, T IE RS K
oL MAEwAYE . k. A . B (MBC. MBN,
MBP) & i . HIEEFIEMESE, 5Ah—TB5 B AN
T, FEHRNE 118 pH {H A 1340k (TC). 4
A (TN). 2 (TP) F 5%,

122 EEARBACHFNE IS KEZ S

et e e E , R ElementarVario MAX ik
A ICE ML (GmbH, Hanau, Germany) Jll & +
HETC TN it HHE TP & 5 p9 0 & il in A ik
Tt 2 - e SR VS 8 B R I s i, i S 2 i 3l
MY (Skalar san++, Skalar, fif %) JJ5E
123 XE@MAEMAHETHE . R, HHalE  HIEM
Az AN B ZE R PR, R AR A5 FREL
547 (5% 5g), P EHEE] 50 mL /Neeh iR
AR, Sy AL T, RS RN
TR PSR 2R AP, ol —4IA 62.5 pL 1y
1 000 mg- kg™ AR, HCE 24 h A7 AR Ak sL
B, 24h )5, Bt s BAEEGE, iR
YY) AI A (MBC, MBN) F 2 mL 0.5 mol-L™
K,SO, VEZE B LT, HEY A Y (MBP)
FH 20 mL 0.5 mol-L ™! NaHCO, ¥EZE B0, RIE
ZE) EARE A B BRI 20 mL 0.5 mol-L ™' K,SO,
F1 20 mL 0.5 mol-L™' NaHCO,;, MBC & & JHl B f7
ML 73 H7{% (TOC-VCPH/CPN, Shimadzu, H 74%)
%E, MBN., MBP & & HiELLm 8 539X (Sant+,
Skalar, fif %) Jll%E .
124  E3gmpErea e LIRS E S %
Saiya-Cork 5521 5k, MM HIFREC L g
HEfTA 125 mL 50 mmol-L™" H pH {4 5.0 il
MRz vhirh, WIBCETEIR, ## & 30 min BT
200 pL fIA 96 fLEALAR o A A 16 A~
52 (200 pL A i W +50 uL 200 pmol L' JiE 4 %
W), 8 AFAEXTIR (200 pL BEARZE thi ¥+50 pL JiE
PR . 8 45 11 (200 pL Bf IR TR+S0 L ZE i
) A8 AT KARAER (200 pL A S TR+S0 pl A
WEVR) SR K bR EXT BT (200 uL 28 #hil+50 pl A
W) EATACIE . PR LR B T 20°C ARG REIR4E
HEREESE 4 h JFEUH, INA 1 mol- L™ NaOH %4}
AL 2 E e B . # 5 R FH Synergy H4
% T BE W A5 {L (Molecular Devices, San Jose, USA)
REMDEERE , B I LR Na R o T = A i)
MY EE IR AL (nmol-g h™") KiK. &P LR 4
PR. AR5 . 2RI bR ISl W 1,
1.3 HiELIE

Bl 242 Microsoft Excel 2019 4k F kb B 5, fii
FH SPSS 22.0 #4744, i B F Oy 2= A
(One-way ANOVA) i % AN [F] &= b BE T 1P AL
MR HIERCE A RS NG E  HE
T 25 5 E M, - Pearson /T IE S
BT - St I 1 S LAk A b A



108 Mok B BF SR 34 %

F1 TIEEERFE EE KB RARKRY

Table 1 The abbreviations,type and substrates of soil enzyme

ity 45 et JEEA)
Enzyme Abbreviation Type Substrate
PR PB4 FR IS Acid phosphatase AP P-targetinghydrolytic 4-MUB-phosphate
B-71 % HE EF G B-glucosidase BG C-targeting hydrolytic 4-MUB-B-D-glucoside
B-N-Z Bk 2 541 % B 17788 B-N-acetylglucosaminidase NAG N-targeting hydrolytic 4-MUB-N-acetyl-B-D-glucosaminide

AP A R R SEFR AR A G . f#H Canoco
Software5.0 4 X Az 25 B % PE S Ak 24 5 1
HEHLAL N 7 A ) A= W 5 10 O R AT T0AR 0 b
(RDA) .

2 GRG0
2.1 TEBAMR
mk 2R, EARBRAMNEMNS 5 pHE .

TC. TN & RE & TEMYMRLAZ AL, i
JEWIE Z R 25 5 o AN b Ak BE0) 4 18

C:P, N:P ZRE3, Hi C:N yERH 13.31~9.36,
AL FIE BT AR > ERh LA > A2 AR 4l
C:P 1 N:P %3 [l 43 il /2 260.67~103.38 il 19.74~
9.94, A HATAI R AP LU B 3 = T &
FRGIMRFIAZAR LI, TEFPGIAR G A ARSI Z (8] TC
WX,
22 TERAMEMER.E.JBE
TIEGEYEY R . AL BEEAFER AL
[ A5k 2 (36 3)o M LR I T A 0 A W i ik
(MBC) & il LLEFP RIS R lib G 8.07%

TP W& EEC W E 0 . AFAL B2 (8] - CNL F114.90%. EF BRI YA YriwE (MBP)
F2 FEEMLGELERUER

Table 2 Physical and chemical properties of soil under different interplanting treatments
AbE BRI B R A KRG

Treatments Young interplanting forest Mature interplanting forest Pure Chinese fir plantation
FET8E pH 4308+0.03b 446+0.07a 4.16+0.03 b
/K& Soil water content/% 0.99+0.11a 0.92+0.06 a 0.86+0.13 a
KUK Total carbon/(g-kg ™) 12.93+0.90 b 19.84+0.14a 11.62+0.79 b
JA% Total nitrogen/(g-kg™") 1.23+£0.06b 1.51+0.01a 1.15+£0.03b
S Total phosphorus/(g-kg™) 0.19+0.08 a 0.08+0.01 a 0.09+0.01a
WAL N 10.68+£0.17 b 13.31+0.14a 9.36+0.10 ¢
TR C:P 103.38£22.12b 260.67 +21.52 a 133.34+ 17.6 6b
R N:P 9.94+2.16b 19.74+151a 13.20+1.59b

e R HAE T IIE £ FRUHEZE (n = 5), Rl — AT F/NG FRER R AN R AL B W) 75 57t 5825 (P < 0.05) .
Notes: The data in the table are mean + standard deviation (n = 5). Different lowercase letters in the same row indicate significant differences between
different treatments (P < 0.05).

R3 TREEMLETHENENERLITELE

Table 3 Microbial biomass and its metering ratio under different interplanting treatments

AR ERLpk BRI REARGBK

Treatments Young interplanting forest Mature interplanting forest Pure Chinese fir plantation

A A B ik MBC/(mg kg ™)

317.16 +40.88 b 34276 £ 15.56 a 298.31 +16.08 b

A AE YRS MBN/(mg kg ™) 13.11+£0.72a 1842+1.86a 1564+1.51a
WA A e MBP/(mg-kg ™) 43.00+0.94 b 49.68 +0.94 a 36.33+0.94 b
MBC:MBN 25.03+4.39a 1451+238a 2424+ 1.68a
MBC:MBP 734+085a 6.89+0.23a 8.26+0.61a
MBN:MBP 0.31£0.02b 0.37 +0.04 ab 0.43+0.05a

W RPEE B + SR (n = 5), F— AT F/NG FRERR AN RIAL B 2 57 8. 25 (P < 0.05).
Notes: The data in the table are mean + standard deviation (n = 5). Different lowercase letters in the same row indicate significant differences between
different treatments (P < 0.05).
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Fig. 1 Effects of different interplanting treatments on soil enzyme activities
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Fig. 2 Effects of different intercropping treatments on soil ecological enzyme stoichiometry
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IEAHSG . T A AR T & L NAG:AP 5 3
PRALPE AR SEEAN B2, BG:NAG 5 MBP & i
MK, 5 MBN:MBP & i #F IEHH5¢, BG:AP 5
pH{EFI C:N 2 B EH A, 5 MBP 2 & 7
FIE, M5 MBN:MBP £ & FEM . TUADH
FEW] A A AN R S TR S R CN A

MBC:MBN & EM5E, WK 3 i, S5—hifirt 1
AR 98.72%, A RN RE T AR R MY 0.03%, H
H 13 C:N. MBC:MBN Fl C:P 43 Jill fift 1 - S s
AR S A 22 AR 92.3%. 4.4% F
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Table 4 Correlation between soil enzyme activity, enzyme stoichiometry and physicochemical
properties and soil stoichiometry

HH2% M Correlation AP BG NAG BG:NAG BG:AP NAG:AP
pH 0.849%* -0.352 0.590% —0.490 —0.532% —0.229
SWC —0.189 0.076 0.200 —0.048 0.125 0.383
TN 0.881%* -0.226 0.455 —0.346 —0.404 —0.359
TC 0.946%* -0.233 0.461 -0.315 —0.429 —0.427
TP -0.214 -0.296 -0.277 —0.244 -0.225 —0.122
CN 0.968** -0.391 0.485 —0.500 —0.580* —0.422
C:P 0.809%* 0.062 0.481 —0.028 -0.120 —0.238
N:P 0.667%* 0.191 0.463 0.088 0.035 —0.104
MBC 0.605* —0.196 0.421 -0.301 -0.311 —0.141
MBN 0.462 0.346 0.256 0.222 0.198 —0.081
MBP 0.883%* —0.487 0.432 —0.609* —0.651%* —0.402
MBC:MBN -0.211 0.027 -0.218 —0.190 -0.219 —0.050
MBC:MBP -0.413 —0.131 0.397 0.476 0.401 0.096
MBN:MBP -0.061 —0.049 0.628* 0.587* 0.616* 0.229

VE: *7£0.057KF | B A O *+7E0.0 1K WA G

Notes: *Correlation is highly significant at the 0.05 level; ** Correlation is significant at the 0.01 level.

]0 L
L ]
MBC:MBN ©
“a » I\\ 2 C:N
& 5 e
% = SWCo— N _—— .
% g NAG/AP~— /"~ NAG AP
N . e L]
R 2 .
; Teep
7 [ ]
BG/AP* /' / C:N:92.3% P=0.002
L
BG/NAGY BG MBC:MBN:4.4% P=0.008
C:P:1.6% P=0.014
10 SWC:0.4% P=0.070
-1.0 1.0
TSN

RDAI1 (98.72%)

3 TEMmEEMESHEAETERS
TEBURFHTRSH
Fig. 3 Redundant analysis of soil enzyme activity and
ecological enzyme stoichiometry and soil
physical and chemical factors
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Effects of Chinese Fir Interplanted with Broadleaved Trees on Soil
Ecological Enzyme Activity and Stoichiometry

SUN Si-yi'?, LU Sheng-xu'?, LU Yu-ming"?*, XU En-lan'?, WU Dong-mei'?,
LIU Chun-hua’, JIANG Zong-kai®, GUO Jian-fen'?

(1. School of Geographical Sciences, Fujian Normal University, Fuzhou 350007 Fujian, China; 2. Cultivation Base of State Key
Laboratory of Humid Subtropical Mountain Ecology, Fuzhou 350007 Fujian, China; 3. Xinkou Experimental Forest Farm of
Fujian Agriculture and Forestry University, Sanming 365000 Fujian, China)

Abstract: [Objective] To study the soil enzyme activities and their stoichiometry in Chinese fir (Cunninghamia
lanceolata) forests interplanted with broadleaved trees, and assess the soil nutrient and fertility conditions in these
forests. [Method] Soil physicochemical properties, soil microbial biomass carbon (MBC), nitrogen (MBN) and
phosphorus (MBP), and soil enzyme activities in surface soil (0~10 cm in depth) were determined in different inter-
planting forests (young Chinese fir interplanting forest, mature Chinese fir interplanting forest) and pure Chinese fir
plantation in Sanming, Fujian Province. [Result] The contents of total C, total N and MBC increased significantly
after interplanted with broadleaved trees, especially in mature Chinese fir interplanting forest. After interplanting, the
activities of: B-N-Acetylglucosaminidase (NAG) and acid phosphatase (AP) increased significantly, and the activity
ofp-glucosidase (BG) decreased significantly. The ratios of BG:AP and NAG:AP were lower than global average,
which showed that the soil microorganisms in this area were in the state of phosphorus restriction. The activities of
AP and NAG increased after interplanting and thus BG:AP and BG:NAG ratios decreased significantly. Redundancy
analysis showed that soil C:N and MBC:MBN explained 92.3% and 4.4% of soil enzyme activity and enzyme stoi-
chiometric ratio variation, respectively. [Conclusion] Chinese fir interplanted with broadleaved trees can help to ac-
cumulate soil nutrients and improve soil properties.

Keywords: Cunninghamia lanceolata; interplanting; eco-enzymatic stoichiometry; soil nutrients; redundancy

analysis
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